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@ A spacer strip for a sealed window unit and a method for manufacture of the strip. 

@ A spacer strip for use in a sealed window unit is 
manufactured from a pultruded fibreglass reinforced body 
providing a substantially closed hollow body (10) with a slot 
(14) along one side. The strip is manufactured by pultrusion 
using a die (41 ) which is slightly more open than the finished 
product including a mandrel (48) supported by a web (47) 
wider than the eventual slot. Closing of the body into the 
eventual shape is obtained either by differential shrinkage 
using matting (51) on the outer surface of the body or by 
squeezing the body between rollers (53). A sealed window 
unit incorporates the spacer strips (10) between two panes of 
glass (16, 17) adjacent the edges thereof with the coefficient 
of thermal expansion of the spacer strip tailored to that of the 
glass. A corner member (30) has a leg for engaging into the 
end of the strip 10 with projections (34, 35) at the outer 
surface to avoid opening the slot (14). 
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A SPACER STRIP FOR A SEALED WINDOW UNIT AND A 
METHOD FOR MANUFACTURE OF THE STRIP 

This invention relates to spacer for the glass 
panes in a sealed window unit, to a method for manufact- 
uring the spacer and to a sealed window unit including 
the spacer. 

Sealed window units of this type have been 
known for many years and have become increasingly import- 
ant and popular as energy conservation and energy effi- 
ciency have become more popular. Such a sealed window 
unit comprises an outer frame or tape supporting the 
glass panes and a spacer between the glass panes. The 
spacer is formed in strips which lie along adjacent edges 
of the panes so as to define a space therebetween and to 
support the panes in the defined spacing. 

To date the roost common material which has been 
commercially used for the spacer in the manufacture of 
such units has been steel. Steel has been used mainly 
because it has a co-efficient of expansion 

similar to that of glass and because this property is the 
most important in the manufacture of such a unit. It 
will of course be appreciated that any difference in 
expansion particularly in climates which have large 
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changes in temperature can have many disastrous conse- 
quences, particularly as size of the window increases, 
including cracking of the glass and at least breaking of 
the seal between the panes of glass. Other metals such 
as aluminum are completely unsatisfactory on medium to 
large windows in that the thermal expansion is very 
different from that of glass. Similarly many plastics 
materials such as nylon, vinyl, polythene are available 
but again these are completely unsatisfactory in view of 
very different expansion characteristics. To date there- 
fore steel has been the generally accepted material even 
though this has a number of considerable disadvantages. 
In particular, the thermal conductivity of steel is con- 
siderably higher than that of glass or of the air space 
between two panes of glass. In a sealed unit heat from 
within a building tries to escape from a building and the 
path it takes is through the path of least resistance. 
In the case of a sealed window unit, the path of least 
resistance is around the perimeter of the unit where the 
steel spacer strip is provided. Thus heat is rapidly 
lost from around the perimeter of the window often caus- 
ing a ten degrees to twenty degress farenheit temperature 
drop at the perimeter of the window relative to the cen- 
ter thereof. 
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This temperature differential results in dif- 
ferential shrinkage between the center of the glass pane 
and the perimeter. This can result in a stress crack 
developing in the glass or can result in the loss of the 
sealing around the edges of the panes. When the seal 
breaks down outside air can enter the space between the 
windows carrying water vapour which is deposited inside 
the panes causing fogging of the window unit. Approxi- 
mately five percent of the window units manufactured tend 
to fail due to such stress cracks, or loss of seal. How- 
ever it is often thought that the failure is due to 
shifting of the building rather than to a failure of the 
window unit itself. 

A yet further problem with steel spacer strips 
is that they are manufactured in certain cut lengths 
which necessarily cause wastage when cut to specific 
lengths for use in the window unit. Obviously it is nec- 
essary to cut the steel into particular lengths for ship- 
ping and handling and of course these lengths cannot be 
predetermined relative to particular requirements. In 
addition the finite lengths of the steel strips makes 
automation of the handling and cutting processes more 
difficult. 

Steel and aluminum spacers of this kind are 
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manufactured by rolling or folding to form a hollow body 
which is substantially rectangular in cross-section with 
a slot or interlock along the upper surface between the 
two folded edges of the steel strip from which the folded 
body is formed. It is important to maintain the width of 
the slot as narrow as possible in order to allow the 
ingress of air from the space between the window panes 
while preventing the escape of granular dessicant mater- 
ial. In manufacture of a window unit using the spacer, 
dessicant is added into the interior of the hollow spacer 
so as to dry out the air remaining between the panes of 
glass so that no water is condensed onto the inside faces 
of the glass thus fogging the window unit. Steel which 
is very unsuitable for extrusion processes can however be 
readily formed by a folding process into a shape of this 

type. However folding processes are limited in the type 

# 

of shape that can be formed. 

It is one object of the invention therefore to 
provide a spacer for a sealed window unit which overcomes 
the disadvantages of the steel spacer used to date. 

Accordingly the invention provides a spacer for 
a sealed window unit comprising an elongate hollow body 
of substantially rectangular cross-section dimensioned 
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such that the transverse faces have a width sufficient 
to space tV70 panes of glass in the sealed window unit, 
one of the transverse faces being apertured along the length 
thereof so as to allow the ingress of moisture into the 
hollow body while preventing the escape of a granular des- 
sicant from the hollow body, characterized in that the 
hollow body is formed from a pultruded glass fibre reinforced 
material . 

It is a further object of the invention to provide 
a method of manufacturing a pultruded part which is parti- 
cularly useful in manufacturing a spacer of this type for 
use in a sealed window unit. 

According to a second aspect of the invention 

therefore there is provided a method of manufacturing a 
pultruded part which in its final shape extends generally 
around a hollow interior but is open at one part of the 
crosssection and has an outer surface exteriorly of the 
part and an inner surface adjacent the hollow interior, 
the method comprising introducing substantially uni-dir- 
ectional glass reinforcing fibres and bi-directional glass 
reinforcing fibres into a bath of a thermo-setting resin, 
pulling the fibres and resin through a die including 

a mandrel to shape the hollow interior, characterized in the 

- such 
steps of arranging the fibres/that the bi-directional fibres 
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lie adjacent the outer surface of the part and the uni- 
directional fibres lie inwardly thereof, providing the 
die of such a shape that the part as it is shaped by and 
emerges from the die it is opened relative to the final 
shape and cooling the emerging part such that it shrinks 
differentially to close into the final shape. 

According to a third aspect of the invention 
there is provided a method of manufacturing a spacer for 
a sealed window unit comprising an elongate hollow body 
of substantially rectangular cross-section, one of the 
transverse faces having a slot along the length thereof 
dimensioned so as to allow the ingress of moisture into 
the hollow body while preventing the escape of a granular 
dessicant from the hollow body, the method characterized 
in the steps of pultruding the spacer from a bath including 
glass reinforcing fibres and a thermo setting resin through 
a die, forming a slot in the pultruded part which slot 
is wider than the slot in the spacer, curing and cooling 
the thermo setting resin and causing the slot to close 
during the cooling and curing process. 

Important further features of the invention reside 
in the arrangement and portion of bi-directional to uni- 
directional fibre reinforcement which obtains the differen- 
tial shrinkage to close the elongate slot in the inner 
surface. Furthermore, the thermal expansion of the 
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spacer strip can be specifically tailored to that of the 
glass of the sealed window unit by a suitable choice of 
resin to fibre content. 

In accordance with a yet further important feature, 
a corner member is provided for joining one end of the 
spacer strip to an adjacent spacer strip at right angles 
thereto, the corner member comprising a pair of legs arranged 
at right angles, each of the legs having an outer surface, 
an inner surface and two sides dimensioned so as to be 
received within the hollow body, and a pair of projections 
each provided on one of the corner members and the spacer 
strip along a respective side at a position adjacent the 
outer surface whereby the forces between the leg and the 
spacer strip are effectively confined to the outer surface 
to avoid opening the slot in the spacer strip. Particularly, 
each projection can be V-shaped in a cross-sectional plane 
transverse to the leg for cooperation with a pair of V- 
shaped grooves arranged to receive the projections in com- 
pression fit. 

A number of embodiments of the invention will 
now be described in conjunction with the accompanying draw- 
ings in which: 

Figure 1 is a cross-sectional view through the 
die of a pultrusion process showing the initial shape of 
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a spacer strip manufactured by a pultrusion technique; 

Figure 2 is a cross-sectional view through a 
spacer strip ready for use in a sealed window unit; 

Figures 3 and 3A are front elevational and plan 
views respectively of a roll of spacer strip formed by 
the pultrusion technique provided in a form suitable for 
transport and handling; 

Figure 4 is a schematic illustration of the pul- 
trusion technique for use in manufacturing a spacer strip 
as shown in Figure 2 and employing a die of the cross-section 

shown in Figure 1; 

Figure 5 is a sketch similar to that of Figure 
4 showing a modified pultrusion technique employing squeeze 
rollers for closing the pultruded cross-section; 

Figure 6 is a cross-sectional view through a 
sealed window unit employing the spacer strip of Figure 

2; 

Figure 7 is a cross-sectional view through a 
modified spacer strip incorporating channel sections for 
supporting the glass panes in a bi-pane arrangement; 

Figure 8 is a further modified spacer strip for 
use in a tri-pane arrangement; 
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Figure 9 is a view similar to that of Figure 
6 showing a modified spacer strip; 

Figure 10 is a graph showing the relationship 
between resin content and coefficient of thermal expansion 
of the spacer; 

Figure 11 is a view similar to that of Figure 

6 showing a modified spacer strip including a corner member 

for connecting the strip to the adjacent strip at right 
angles thereto; and 

Figure 12 is a part cross-sectional view along 
the lines 12-12 of Figure 11 with one of the spacer strips 
omitted for clarity. 

In the drawings like characters of reference 
indicate corresponding parts in the different figures. 
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The pultruded spacer is shown in cross-section 
in Figure 2 and in situ in a sealed window unit in Figure 
6. It comprises an elongate hollow substantially closed 
body formed of a glass fibre reinforced pultruded niater- 
ial by method as will be described in more detail here- 
after. The body comprises substantially straight upper 
and lower walls 10 and 11 and side walls 12 and 13. The 
upper wall 10 includes a slot centrally thereof manning 
along the full length of the body, the slot indicated at 
14. Each of the side walls 12, 13 includes a recess or 
groove 15 running along the full length thereof adjacent 
to the mid-point thereof. The walls 10 through 13 are 
joined by smooth curves so as to avoid weakened sections 
provided by sharp corners. 

The body is dimensioned such that the walls 12, 
13 are spaced by the desired spacing between two panes of 
glass which in practice is of the order of 0.5 inches 
(1.25 centimetres). The height of the walls 12, 13 can 
be chosen in accordance with requirements but generally 
is of the order of 0.3 inches (0.8 centimetres) which is 
sufficient to provide adequate strength and also adequate 
adhesion to the glass. 

The spacer is shown in Figure 6 in a sealed 
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window unit in which the two panes of glass are indicated 
at 16, 17 respectively and it will be appreciated that a 
length of the spacer is arranged at each of the four 
adjacent sides of the panes of glass with two such spac- 
ers at the top and bottom indicated at 18, 19 with the 
third spacer along the rear side as shown in the drawing 
indicated at 20. The spacer along the front side is not 
shown in the cross-section. 

In manufacture of the sealed window unit with 
the glass cut to size, the spacers are cut to size and 
may be mitered or may be square cut with a corner insert 
used for connection so that they can lie along each of 
the adjacent sides of the panes of glass recessed slight- 
ly inwardly from the edge of the glass. Each of the 
spacers along its side walls 11, 12, 13 is suitably 

primed or etched by chemical or mechanical means so as to 
improve adhesion between the spacer and a sealing or 
filling agent indicated at 21 and the glass. The sealing 
agent 21 for example of a butyl material is inserted into 
the recesses 15 along the side walls 12, 13 so as to 

ensure that the spacer is sealed to the inside surfaces 
of the glass panes. 

After assembly of the two panes of glass and 
the spacers with the sealing agent along the edges, the 
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recess defined between the outside surface of the wall 
11 of the spacer and the edge of the panes of glass is 
filled with a further quantity of a sealing agent for exam- 
ple a polysulphide material indicated at 22 • Finally a 
tape 23 is applied to all the edges of the sealed window 
unit so as to extend slightly around the outer face of 
the glass panes for handling and to assist in securing 
the glass panes together and to yet further ensure a seal 
around the glass panes. 

Prior to assembly of the sealed window unit a 
granular dessicant material is inserted into one or more 
of the spacer strips. Such granular dessicants are well- 
known in the trade and act to extract all the moisture 
from the air trapped between the glass panes so as to pre- 
vent any condensation within the glass panes. The slot 
14 of the spacer strip as used in the sealed window unit 
is designed to have a width less than 0.025 inches (0.6 
milimetres) and preferably of the order of 0.006 inches 
(0.15 mm). Such a width is sufficiently narrow to retain 
the granular dessicant, with the choice of the actual width 
and the type of dessicant within the normal skill of one 
in the art. In practice all four spacer strips are filled 
loosely with the dessicant to ensure that sufficient is 
provided to extract all the moisture from the space between 
the panes. 
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Figures 7 and 8 show modified spacer strips 
which are basically of the same structure as shown in 
Figures 2 and 6 but include portions forming flat sec- 
tions on either side of the basic spacer strip for re- 
ceiving and seating the glass panes. More specifically 
Figure 7 shows a two-pane strip including base portions 
at 25 for receiving the glass panes. Figure 8 shows a 
three-pane strip including two spacer strips 26, 27 and 

two base sections 25 thus defining three sections for 
seating the three glass panes. 

Figure 9 shows a modified spacer strip in which 
the shaping of the side walls 12, 13 is altered to re- 
place the channels 15 by a wedge shape so that only one 
type of sealant, that is polysulphide , can be used. 

The pultrusion technique by which the basic 
spacer strip is manufactured as described in more detail 
hereinafter lends itself particularly to more complex 
shapes as shown in Figures 7 and 8 whereas spacer strips 
manufactured from the previously used steel material can- 
not readily accomodate the more complex shapes shown. 

Turning now to the details of manufacture of 
the spacer strip, the preferred apparatus for the manu- 
facture is shown schematically in Figures 1 and 4 with a 
modified version in Figure 5. Specifically Figure 4 



shows a pultrusion technique comprising a resin bath 40, 
a die 41, a puller 42, and a glass fibre supply 43. Gen- 
erally glass fibres from the supply are drawn into the 
resin bath in which they are emersed by a bar 44 within 
the bath so as to become fully coated with the resin. 
The fibres are then drawn into and through the die 41 
with any excess resin running back from the entrance to 
the die into the bath. The die is heated by a plurality 
of elecxrical resistance contact heaters schematically 
indicated at 45 so as to heat the thermo setting resin to 
a controlled temperature at which it gradually sets as 
the resin and glass fibres are drawn through the die. 
The pulling is carried out by the puller 42 which com- 
prises a pair co-operating tracks which grasp the pul- 
truded substantially set strip and draw it from the die 
toward a cutter 46 and a packing station (not shown) 
downstream of the cutter. 

The die is shown in longitudinal cross-section 
in Figure 4 and in transverse cross-section in Figure 1. 
It will be noted that the shape of the die in Figure 1 is 
substantially the same as the finished item shown in 
Figure 2 except that the web 47 supporting the mandrel 48 
is wider than the slot 14 in the finished item. This 
increased width is provided to enable the mandrel 48 
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which shapes the interior of the strip to be supported 
directly on the die by the web 47* The width of the web 
47 is of the order of 0.080 inches (0.203 centimetres) 
and can lie in the range 0.050 inches to 0.15 inches. 

The increased width at the slot 14 in the die 
is achieved by opening the body by an angle of the order 
of three degrees at each of the corners. Thus the up- 
standing wall 12 is in the die three degrees further out 
than in the finished item and also the wall forming one- 
half of the upper surface 10 is at an angle of three 
degrees greater than the finished item relative to the 
wall 12. The other half of the die is symmetrically 
arranged. Thus the halves of the upper wall 10 lie at six 
degrees to a transverse plane. This half-angle which in 
the preferred example described is three degrees can lie 
in the range 1 degrees to 6 degrees. 

The supply 43 comprises a plurality of spools 
49 of glass fibre roving which is an untwisted strip 
containing a plurality of glass fibres. In addition a 
single reel of matting is provided at 50. The matting is 
of a width such that it can substantially extend around 
the full periphery of the die and can contain the roving 
strands to the inner areas of the die. Guides, as will 
be apparent to one skilled in the art but not shown in 
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the drawings are provided so as to guide the roving and 
the matting so that the matting wraps around the roving 
prior to the entry into the die and the roving is proper- 
ly spaced around the die. For this purpose in one exam- 
ple the mandrel 48 extends outwardly from the entry end 
of the die. The mandrel commences at a square cross- 
section gradually changing to the required die cross- 
section as it approaches the entry to the die. In this 
way by the time the fibres actually enter the die they 
have been properly oriented by the mandrel so as to be 
properly spaced in the finished pultruded item. The 
temperature of the die and the rate of advance of the 
fibres through the die is chosen and arranged such that 
the resin substantially completely cures or sets in the 
die. in this way when the pultruded strip emerges from 
the die the resin is substantially completely set with 
possibly a small amount of setting occuring in the first 
few inches beyond the end of the die. Alternative 
arrangements may be used for orienting the fibres before 
entering the die, which do not require the elongated 
mandrel but use seperate guides prior to the die. 

The positioning of the fibres in the finished 
item is shown schematically in Figure 2 where the matting 
51 lies around the outside of the finished item and the 
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uni -directional fibres from the roving lie inside the 
matting. The matting can comprise any bi-directional 
arrangement of fibres provided by a non-woven random 
matting from continuous fibre or cut fibres or for examp- 
le a stitched non-woven matting. Woven matting is not 
preferred since bias forces can be set up in the finished 
item from the forces in the weave which can be unsatis- 
factory. However any two-directional arrangement of 
glass fibres can be used and the term "matting" is used 
10 in this context. 

As the strip emerges from the die, the resin is 
still in the process of cooling and to some extent set- 
ting. Thermo-setting resins on cooling and setting tend 
to contract by a varying amount depending on the partic- 
ular resin chosen whereas the glass fibres contract very 
little if at all. As the matting 51 provides glas^ 
fibres extending around the periphery of the strip, the 
outside periphery tends to shrink on cooling and setting. 
However the inner portions which include only uni-direc- 
tional fibres along the length of the strip tends to 
shrink to a greater extent because the resin in between 
the individual fibres is allowed to contract. In this 
way a differential shrinkage occurs whereby the inner 
layers shrink to a greater extent than the outer layers 
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thus pulling in the body particularly at the corners so 
that the three degrees provided by the die shape is taken 
up in the differential shrinkage to form the finished 
item as indicated in Figure 2. 

This process can be used not only in the manu- 
facture of spacer strips but for any hollow body which is 

not completely closed. 

For convenience of manufacture paint spraying 
guns 52 are positioned on both sides and bottom of the 
strip immediately before the puller 42 so as to coat the 
side walls with a paint primer. Suitable mechanical 
etching techniques may be employed as an alternative to 
the chemical method just described. Downstream of the 
puller 42 the cutter 46 can be used to cut the strip into 
convenient lengths for shipping for example twenty to 
forty feet depending upon requirements. 

As an alternative, the use of the matting in 
the strip allows the strip to flex sufficiently to curve 
with a radius of curvature of the order of five feet but 
not less than 3 feet. The minimum radius of curvature is 
determined by the Follins Formula: 

1/2 part thickness -f .003 = Minimum hoop radius 
This is important if different part heights 12, 13 are 
employed . 
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Thus instead of cutting the strip can be rolled 
onto the interior of a drum of the order of ten feet 
diameter shown schematically in Figures 3 and 3A so as to 
form a package of the strip of the order of two thousand 
feet or more in length. The diameter of ten feet can be 
modified in practice but is convenient in that it pro- 
vides a transportable package of the strip without defor- 
ming the strip sufficiently to form permanent kinks which 
would be unacceptable in the manufacture of the sealed 
window unit. The supply of the strip in continuous 
length is advantageous for automated cutting and mitering 
equipment in the manufacture of the sealed window units. 
The packaging of the strip on the interior of a drum is 
used in view of the high forces stored by the flexing 
which could be dangerous if suddenly released by cutting 
straps on an exteriorly rolled package. 

In Figure 5 is shown a slightly modified pro- 
cess from that of Figure 4 in which the matting 51 is 
omitted from the exterior of the strip so the strip is 
formed wholly of roving or possibjy from spun roving 
which includes some bi-directional strength. Alterna- 
tively matting can be placed randomly within the part to 
avoid the differential shrinkage described above. In 
this modification the closing of the strip to the final 
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shape is accomodated by rollers 53 which squeeze the strip 
and complete the final curing of the resin. In this example 
the temperature of the die may be decreased slightly to 
reduce the amount of setting occuring in the die to say 
ninety -five percent of the completely set condition. The 
rollers 53 are positioned downstream of the die and upstream 
of the puller 42- In order to achieve the necessary width 
of the slot as previously stated, the rollers 53 can in 
fact comprise a plurality of pairs of rollers arranged 
immediately after the die and spaced every 4 inches for 
up to 10 feet from the die. Also the rollers can be arranged 
to gradually reduce in spacing from the die down to the 
last pair from the width of the part including the mandrel 
support down to the spacing of the part with the required 
slot width. 

The amount of fibres used lies in the range twenty- 
five to eightly percent by weight of the total finished 
body. In the embodiment employing matting on the outer 
surface, the percentage of bi-directional fibres lies in 
the range five to forty percent of the total part. The 
positioning of the matting is preferably directly on the 
outer surface of the body since this can be most easily 
accommodated and arranged by suitable guides- However 
the differential shrinkage can be obtained provided the 
bi-directional fibres lie closer to the outer surface than 
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the inner surface. 

Protection against ultra-violet light degradation 
of the spacers can be provided in conventional manner for 
example by the introduction of titanium dioxide which also 
provides a pigment for the spacer. 

Figure 10 is a graph showing the relationship 
between the proportion of solids content in the spacer 1 
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the resin content and the coefficient of thermal expan- 
sion of the finished part. The present inventors have 
determined that a substantially linear relationship 
exists between these characteristics by which the exact 
coefficient of thermal expansion of the spacer can be 
tailored to the required figure to accurately or substan- 
tially match the coefficient of the window glass concern- 
ed. It will be appreciated that while window glass has a 
coefficient of expansion around 8.2, this can vary in 
dependence upon the type of glass used and particularly 
when additives are included in the glass for example to 
provide an increased degree of reflection. 

Thus armed with knowledge of the type of glass 
for which the spacer is intended, the coefficient of 
thermal expansion of the spacer can be specifically 
chosen to match that of the glass. The graph of Figure 
10 provides guidance on how this tailoring should be 
achieved. It will be appreciated that the resin, as 
explained previously, has a greater coefficient of ther- 
mal expansion than the glass and hence the proportion of 
resin to glass has an effect on the coefficient of the 

finished part. 

The solids content in the finished part can 
comprise either wholly glass fibres or can comprise 
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various fillers known in the art. The fillers are either 
added specifically as a separate filler to the resin or 
comprise a part of the resin as thermo plastic solids in 
the resin. The amount of resin therefore can be decreas- 
ed by adding fillers while retaining the proportion of 
glass constant. As an alternative the proportion of resin 
can be increased by increasing the proportion of bi-direc- 
tional to uni -directional fibres. The larger amount of 
bi-directional fibres that are present provides increased 
spaces between the fibres for acceptance of resin. Thus 
the man skilled in art can vary the proportion of bi-direc- 
tional to uni -directional fibres and also can vary the 
filler content of the finished part to specifically tailor 
the solids to resin proportion to obtain the required co- 
efficient of thermal expansion. 

In one example containing 60% resin and 40% solids 
the coefficient of thermal expansion was 13 ins/in degree 
Fx 10 (23.4 centimeters/centimeter/degree C x lO-^* ). 
In a second example employing 80% glass and 20% resin con- 
tent the coefficient of thermal expansion was 7 ins/in 
degree F x 10"^ . The percentages are stated by weight. 

Turning now to Figures 11 and 12 there is shown 
a modified spacer strip in conjunction with a corner member 
of a particular construction which provides a firm connection 
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with the spacer strip while avoiding any tendency to open 
the spacer strip thus causing deformation • The corner 
member is indicated generally at 30 and comprises a central 
boss portion 31 with a pair of legs 32 ^ 33 extending at 
right angles from the boss portion 31, The legs are of 
a cross section shown in Figure 11 comprising a substantially 
rectangular cross section with sides , an inner surface 
and an outer surface, and a pair of lateral projections 
34, 35 at or adjacent the outer surface thereof. Thus 
the projections 34, 35 project outwardly from the side 
walls at a position remote from the surface adjacent the 
slot 14, 

The spacer strip is shown in cross section in 
Figure 11 and it will be noted particularly from Figure 
11 that the lateral projections 34, 35 are remote from 
the upper wall 10 of the spacer strip and hence remote 
from the slot 14. The lateral projections are shaped so 
as to conform to the inner surface of the spacer strip 
adjacent the junction between the lower wall 11 and the 
side walls 12, 13 so as to form a compression fit between 
the lateral projections and the junction of the walls. 
The sides and upper surface of the leg are arranged as 
a sliding fit within the spacer strip so as to avoid applying 
forces to the walls of the spacer strip apart from the 
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compression forces provided by the lateral projections. 
In this way 5 any opening of the strip is avoided and sub- 
stantially all forces applied to the strip by the leg are 
taken up within the wall 11 which, relative to the flexing 
about the slot 14, is substantially inelastic. 

It will be noted from Figure 11 that the spacer 
strip is modified relative to the spacer strip shown in 
Figure 1 by the provision of a sharp or V-shaped corner 
at the junction between the walls 12, 13 and the wall 11. 
The radius of the apex can be in the range 0.01 inch to 
0.015 inch. This sharp junction assists in applying the 
compression forces to the wall 11 and reducing the flexing 
of the walls 12, 13 but it will be apparent that other 
shapes in this area could be employed provided the forces 
are limited substantially to the wall 11 and avoid substan- 
tial flexing of the walls 12, 13. As shown the apex of 
the V-shape turns slightly downwardly from the bottom wall 
of the spacer. It is possible for the apex however to 
be slightly above the bottom wall with a curved surface 
joining the apex to the bottom wall. 

As shown in Figure 12, the spacer strip is pushed 
onto the leg until is engages the boss portion 31. The 
dimensions of the boss portion are such that it just receives 
the outside surface of the spacer strip so that a second 
spacer strip pushed onto the other leg 32 just touches 
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the inner or upper wall 10 of the first spacer strip - 

The boss portion does not extend outwardly to 
the outer surface or wall so as to provide a substantial 
area around the corner for receiving sealant which can 
enter into the spacer strip at the back of the corner member 
thus when set, fixing the corner member in place relative 
to the spacer strip and firmly locating the panes of glass 
relative to the spacer strip and the corner member. 

The corner member can be formed of any suitable 
material which can be slightly compressed, for example, 
nylon or vinyl so as to provide the necessary compression 
fit between the lateral projections thereof and the inner 
surface of the spacer strip. 

It will be appreciated therefore the present 
invention provides a number of specific advantages relative 
to the prior art. Firstly the substantially decreased 
theremal conductivity of the spacer strip can improve the 
R-value of a sealed triple-paned window unit by 0.203hr 
sq. ft. °F/Btu. This is an improvement of b.lX over a 
window with conventional steel pane spacer. This R-value 
is a characteristic of the entire window construction and 
hence of course will vary for different types of windows. 
In some examples, use of the spacer strip has obtained 
values of 15 - 307o warmer temperatures at the periphery 
of the window. 
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Secondly the tailoring of the coefficient of 
thermal expansion of the spacer strip to that of the glass 
enables the manufacture of large sealed window units with 
a decreased risk of failure due to thermal stress. 

Since various modifications can be made in my 
invention as hereinabove described, and many apparently 
widely different embodiments of same made within the spirit 
and scope of the claims without departing from such spirit 
and scope, it is intended that all niatter contained in 
the accompanying specification shall be interpreted as 
illustrative only and not in a limiting sense. 
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CLAIMS : 

(1) A spacer for a sealed window unit comprising 
an elongate hollow body of substantially rectangular cross- 
section dimensioned such that the transverse faces have 
a width sufficient to space two panes of glass in the sealed 
window unit 5 one of the transverse faces being apertured 
along the length thereof so as to allow the ingress of 
moisture into the hollow body while preventing the escape 
of a granular dessicant from the hollow body, characterized 
in that the hollow body is formed from a pultruded glass 
fibre reinforced material. 

(2) A spacer according to Claim 1 wherein the 
hollow body is reinforced with twenty-five to eighty percent 
by weight of glass fibres. 

(3) A spacer according to Claim 1 or 2 wherein 
the fibre content comprises 607a to 95% uni -directional 
reinforcing fibrous material and 57o to 40% bi-directional 
reinforcing fibrous material • 

(4) A spacer according to any preceding Claim 
including a proportion of uni -directional reinforcing fibrous 
material and a proportion of bi-directional fibrous material 
wherein the bi-directional fibrous material comprises a 

non-woven matting - 

(5) A spacer according to any preceding Claim 
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including a proportion of uni-directional reinforcing fibrous 
material and a proportion of bi-directional fibrous material 
wherein there are more bi-directional fibres provided ad- 
jacent the outer surface of the hollow body than adjacent 
the inner surface thereof. 

(6) A spacer according to any preceding Claim 
of sufficient flexibility to allow the hollow body to be 
curved to a radius of curvature less than five feet. 

(7) A spacer strip according to any preceding 
Claim including a corner member for joining one end of 
the spacer strip to an adjacent spacer strip at right angles 
thereto, the corner member comprising a pair of legs arranged 
at right angles, each of the legs having an outer surface, 
an inner surface and two sides all dimensioned so as to 
be received within the hollow body, and a pair of projections 
each provided on one of the corner members and the spacer 
strip along a respective side at a position adjacent the 
outer surface whereby the forces between the leg and the 
spacer strip are effectively confined to the outer surface 
to avoid opening the slot in the spacer strip. 

(8) A spacer strip according to Claim 7, wherein 
each projection is V-shaped in a cross-sectional plane 
transverse to the leg and wherein the spacer strip includes 
a pair of V-shaped grooves arranged to receive the projec- 
tions in a compression fit. 
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(9) A sealed window unit comprising four spacers 
each according to any preceding Claim and two coextensive 
panes of glass arranged in spaced parallel relationship 
each spacer being arranged between the panes along two 
adjacent edges of the panes, wherein the coefficient of 
thermal expansion of the spacers is arranged to be the 
same as that of the glass panes. 

(10) A sealed window unit according to Claim 
9 wherein the coefficient of thermal expansion of the spacers 
has been arranged by selecting specific proportions of 
fibre content to resin content of the spacers. 

(11) A method of manufacturing a spacer for 
a sealed window unit comprising an elongate hollow body 
of substantially rectangular cross-section, one of the 
transverse faces having a slot along the length thereof 
dimensioned so as to allow the ingress of moisture into 
the hollow body while preventing the escape of a granular 
desslcant from the hollow body, the method characterized 
in the- steps of pultruding the spacer from a bath including 
glass reinforcing fibres and a thermo setting resin through 
a die, forming a slot in the pultruded part which slot 
is wider than the slot in the spacer, curing and cooling 
the thermo setting resin and causing the slot to close 

during the cooling and curing process. 
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(12) A method according to Claim 11 including 
contacting the edges of the spacer with a plurality of 
pairs of rollers spaced along the length of the spacer 
downstream of the die, the spacing between the pairs gradu- 
ally decreasing in a direction downstream. 

(13) A method of manufacturing a pultruded part 
which in its final shape extends generally around a hollow 
interior but is open at one part of the cross-section and 
has an outer surface exteriorly of the part and an inner 
surface adjacent the hollow interior, the method compris- 
ing introducing substantially uni-directional glass rein- 
forcing fibres and bi-directional glass reinforcing fibres 
into a bath of a thermo-setting resin, and pulling the 
fibres and resin through a die including a mandrel to shape 
the hollow interior, characterized in the steps of arrang- 
ing the fibres such that the bi-directional fibres lie 
adjacent the outer surface of the part and the uni-direc- 
tional fibres lie inwardly thereof, providing the die of 
such a shape that the part as it is shaped by and emerges 
from the die it is opened relative to the final shape and 
cooling the emerging part such that it shrinks different- 
ially to close into the final shape. 




FIG. 3A 

FIG. 3 
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ABSTRACT: 

CHG DATE=19990617 STATUS=0> A spacer strip for 
use in a sealed window unit is manufactured from a 
pultruded fibreglass reinforced body providing a 
substantially closed hollow body (10) with a slot 

(14) along one side. The strip is manufactured by 
pultrusion using a die (41) which is slightly more 
open than the finished product including a mandrel 

(48) supported by a web (47) wider than the 
eventual slot. Closing of the body into the 
eventual shape is obtained either by differential 
shrinkage using matting (51) on the outer surface 
of the body or by squeezing the body between 
rollers (53). A sealed window unit incorporates 
the spacer strips (10) between two panes of glass 

(16, 17) adjacent the edges thereof with the 
coefficient of thermal expansion of the spacer 
strip tailored to that of the glass. A corner 
member (30) has a leg for engaging into the end of 
the strip 10 with pro)ections (34, 35) at the 
outer surface to avoid opening the slot (14). 
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